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Abstract 

Background aims. Recalcitrant diabetic wounds are not responsive to the most common treatments. Bone marrow-derived 
stem cell transplantation is used for the healing of chronic lower extremity wounds. Methods. We report on the treatment 
of eight patients with aggressive, refractory diabetic wounds. The marrow-derived cells were injected/applied topically into 
the wound along with platelets, fibrin glue and bone marrow-impregnated collagen matrix. Results. Four weeks after treat¬ 
ment, the wound was completely closed in three patients and significantly reduced in the remaining five patients. Conclusions. 
Our study suggests that the combination of the components mentioned can be used safely in order to synergize the effect 
of chronic wound healing. 
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Introduction 

Impaired local blood circulation as a result of micro- 
and macrovascular disease and peripheral neuropathy 
causes foot ulceration in up to 25% of patients with 
diabetes mellitus (DM) (1). Foot ulceration is asso¬ 
ciated with increased morbidity and mortality, has 
a negative impact on the quality of life of diabetic 
patients and poses a serious burden on the health care 
system (2,3). The cost of treating one diabetic foot 
ulcer has been estimated to be $5000-$8000 (1). 

The management of diabetic foot ulcers is a major 
clinical challenge. Current therapy of diabetic foot 
ulcerations includes: (i) debridement; (ii) offloading 
and (iii) supplementary treatments. However, the 
response to treatment is often poor and the outcome 
disappointing. These wounds place a limb at risk of 
infection and amputation. Every year in the USA, 
82 000 limb amputations are performed in patients 
with DM (4). Therefore there is an urgent need to 
investigate more effective supplementary treatments 
for diabetic foot ulcerations to a level that exceeds 
current standard care measures. 


Considering the pathophysiology of chronic non¬ 
healing wounds, the more widely recognized caus¬ 
ative factors are (i) phenotypically altered and/or 
senescent mesenchymal cells that fill the dermis of the 
skin (5-7); (ii) significantly decreased local concen¬ 
tration, stability and bioavailability of growth factors; 
(iii) a significantly higher local activity of matrix met- 
alloproteinases that degrade the extracellular matrix, 
impair tissue repair and suppress cell proliferation 
and angiogenesis (8,9). Accordingly, the success and 
efficacy of chronic wound healing depends on the 
reconditioning of phenotypically altered resident 
cells, and correction of the wound matrix (10). 

After wound debridement (which aims to convert 
the chronic wound to an acute wound), offloading 
and proper attention to the bacterial burden, the 
main contributing components in the process of 
chronic wound healing are mesenchymal stromal 
cells (MSC), growth factors and extracellular matrix. 
These components can promote angiogenesis, per¬ 
manent matrix synthesis and re-epithelialization of 
the healing wound. 
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Several novel approaches for diabetic foot ulcer¬ 
ation treatment have been proposed recently. These 
suggest the use of bone marrow stem cells (11), 
platelet-derived wound healing factors (12), fibrin glue 

(13) or bone marrow-impregnated collagen matrix 

(14) . Each of these approaches has been reported 
to increase the response time of healing chronic 
wounds. But, as the wound environment is dynamic 
and requires the presence of all ‘contributing compo¬ 
nents’, it is unlikely that one type of treatment alone 
can bring a wound to complete closure (15,16). 

We report here on the first eight patients 
included in a larger clinical trial aiming to evaluate 
the treatment of DM patients with recalcitrant dia¬ 
betic wounds using a combined application of four 
recently proposed approaches (bone marrow MSC, 
platelet growth factors, fibrin glue and bone marrow- 
impregnated collagen matrix). To the best of our 
knowledge, this is the first time that this combination 
has been applied to chronic wound treatment. 

Methods 

Eight patients with foot ulcers that did not respond to 
any conventional therapy were included.The patients’ 
characteristics, past medical history, wound size and 
duration of wound are presented in Table I. 

The study was conducted in accordance with the 
principles of the Declaration of Helsinki 1996 and 
good clinical practice standards. The study protocol, 
informed-consent form and other study-related doc¬ 
uments were reviewed and approved by the Human 
Research Ethics Committee of Mashhad University 
of Medical Sciences (Mashhad, Iran). All patients 
were able to read and understand and were willing to 
sign the informed-consent form for the study. 

Inclusion criteria were the presence of a non¬ 
healing diabetic wound for at least 3 months, age 
older than 18 years (both genders), and agree¬ 
ment of the patient to comply with the protocol 
requirements, including self-care of wounds and all 


follow-up visit requirements. Exclusion criteria were 
pregnancy, active or previous (within 8 weeks of the 
study screening visit) chemotherapy, physical or 
mental disability (if not cared for, i.e. home nurs¬ 
ing, etc.), current participation in another clinical 
investigation, a life expectancy of less than 6 months 
and limb-threatening complications or the need for 
immediate limb amputation. In addition we excluded 
patients with any of the following medical conditions: 
current candidates for vascular surgery, angioplasty or 
stenting, patients presenting with the clinical charac¬ 
teristics of cellulitis at the ulcer site, purulence or sinus 
tracts that could not be removed by debridement on 
the foot to be treated, malignant wounds, renal failure, 
vasculitis or connective tissue disease, bone marrow 
involvement (lymphoma-leukemia), average blood 
sugar > 200 mg/dL during hospitalization, patients 
treated with corticosteroids, lactating mothers and 
patients with any systemic infection. 

Two days before bone marrow aspiration, 100 mL 
peripheral blood were taken and platelets and fibrin 
glue were prepared according to standard procedures 
(17,18).The platelets were prepared with a first cen¬ 
trifugation at 2000 g for 2 min and then a second 
centrifugation at 4000 g for 8 min, and the superna¬ 
tant plasma was separated. The fibrinogen concen¬ 
trate was prepared from the separated plasma using 
the cryoprecipitating method. Following a -70°C 
freeze and a 4°C thaw, citrate-phosphate-dextrose- 
adenine anticoagulant (CPD-A) plasma was centri¬ 
fuged at 6500 g for 5 min. The supernatant plasma 
was removed to a final volume of 4 mL, mixed with 
platelets and stored at -30°C. Bone marrow (mean ± 
SD, 207.875 ± 78.5 mL, range 119-325 mL) was 
aspirated under epidural anesthesia from the ileum, 
into commercial 450-mL triple blood donation bags, 
containing 63 mL CPD-A in bag 1 and 100 mL 
saline-adenine-glucose mannitol (SAG-M) in bag 
2. Bone marrow (BM)-total nucleated cells (TNC) 
(BM-TNC) were separated and concentrated to 95% 
purity and to a final volume of about 8 mL using 


Table I. Patient characteristics, past medical history, wound size before and after treatment, duration of wound, volume of bone marrow 
aspiration and number of injected TNC. 



Age 

(years)/ 

gender 

Duration 
of diabetes 
(years) 

Duration of 
wound 
(months) 

Wound area at 

treatment 
initiation, (cm 2 ) 

Wound area 
after 4 weeks, 
(cm 2 ) 

Volume of bone 

marrow 

aspiration (mL) 

Number of 
TNC injected 

(X10 8 ) 

1 

48/M 

20 

36 

21.6108 

Closed 

183 

16.9 

2 

49/M 

20 

24 

3.9395 

Closed 

135 

18.8 

3 

57/M 

20 

3 

3.5574 

Closed 

325 

22.1 

4 

46/F 

5 

36 

12.0923 

2.4662 

203 

15.0 

5 

52/M 

12 

36 

4.5633 

3.5447 

251 

15.7 

6 

55/F 

6 

12 

2.7058 

1.211 

119 

11.4 

7 

66/M 

3 

12 

2.2439 

0.6979 

305 

22.8 

8 

55/F 

20 

24 

10.5851 

4.5139 

142 

19.43 


F, female; M, male. 
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hydroxyethyl starch (HES) (19,20). After removal 
of aliquots for routine tests, HES (HAES-sterile 
10%; Fresenius Kabi, Deutschland GmBH, Bad 
Homburg, Germany) was added to the bone marrow 
blood in the collection bag (bag 1) to obtain a final 
concentration of 2%. In addition, 26 mL HES were 
added to the bag that contained 100 mL SAG-M 
(bag 2). Bag 1 was hung on a stand for 45 min 
to allow red blood cell (RBC) sedimentation. The 
supernatant was slowly expressed using a plasma 
extractor into bag 3 (an empty bag) and, as soon as 
red cells started to enter the connecting tube, the 
connecting tube was clamped temporarily. In order 
to recover any remaining BM-TNC trapped between 
the sedimented RBC, the contents of bag 2 (100 mL 
SAG-M plus 26 mL HES) were transferred to bag 1, 
which contained the RBC. The connecting tube was 
temporarily clamped and bag 1 was shaken gently, 
hung for 45 min and the supernatant then trans¬ 
ferred to bag 3. Bag 3 was centrifuged at 400 g for 
12 min. After completion of centrifugation, the super¬ 
natant plasma was transferred back to bag 2 using a 
plasma extractor and the cells were resuspended in 
about 8 mL of the remaining plasma. The numbers 
of BM-TNC, mononuclear cells (MNC) and RBC 
were determined using an automated hematology 
analyzer (Sysmex Kx-21; Japan). 

Prior to the application of BM-TNC, the area of 
necrotic and devitalized wound was debrided surgi¬ 
cally until bleeding was recognized macroscopically. 
This allowed the bone marrow cells to come into con¬ 
tact with viable wound tissue. About 5 h after marrow 
aspiration, 5 mL of BM-TNC were implanted in the 
wound by 1.5-cm deep injections at various sites and 
the margin of the wound, using a 23-gauge needle. 

Following the injection, 2 mL BM-TNC were 
mixed with platelets and fibrin glue, applied to the 
wound and allowed to form a clot on the wound (fibrin 
matrix acts as a provisional scaffold for cells). Collagen 
matrix (Surgicoll®; MBP, Medical Biomaterial Prod¬ 
ucts, GmbH, Tehran, Germany) was then impregnated 
with 10 mL BM-TNC suspension (1 mL BM-TNC 
mixed with 9 mL serum) and placed on the fibrin 
clot. Finally, paraffin gauze pads were placed over the 
wound and a bolster of rolled gauze pads placed over 
the paraffin gauze. This dressing was then wrapped 
with rolled gauze. After 3 days, the entire dressing was 
removed and the wound irrigated with isotonic sodium 
chloride solution. The wound was then covered again 
with gauzes as described above, and each day the 
entire dressing was removed and irrigated with iso¬ 
tonic sodium chloride solution. The wound was closely 
observed for 4 weeks for the formation of granulation 
tissue and closure. After discharging, the patients were 
followed up regularly for ulcer recurrence and any 
other possible complications. 


Results 

The results are presented at Table I. The GraphPad 
Instant statistical package (GraphPad Software Inc.) 
was used for statistical analysis. The level of statisti¬ 
cal significance was set to P < 0.05. The wounds of 
three patients were completely closed after 4 weeks 
and there was a significant wound reduction after 
treatment {P < 0.05) in the remaining patients. Data 
on the identification of various cell types before the 
process of BM-TNC separation and after the pro¬ 
cess for the final product are presented in Table II. 
Pictures of the wounds, before and after treatment, 
are presented in Figures 1-3 following the same 
numerical order as in Table I. 

Discussion 

We report here on eight patients with recalcitrant 
diabetic wounds that were treated using a combi¬ 
nation of autologous bone marrow cells, platelets, 
fibrin glue and collagen matrix. The patients had 
not responded to traditional modalities of treatment, 
including debridement, offloading and complemen¬ 
tary therapies (such as antibiotic therapy, blood glu¬ 
cose level control, administration of zinc sulfate and 
multivitamins, and irrigation of wound with normal 
saline and dressings). However, after treatment with 
the combination described, three of the eight wounds 
were completely healed while the rest had improved 
significantly. 

Wound healing is the sum of interrelated events, 
the common aim of which is the restoration of injured 
tissue. Optimum healing of a wound requires a well- 
orchestrated integration of the complex biologic and 
molecular events of cell migration, proliferation, 
extracellular matrix deposition and remodeling (21). 

In the present study we used bone marrow cells, 
concentrated in a small volume, using a recently 
described technique able to remove most of the 
RBC from bone marrow aspirate, thus achieving 
small volumes useful for cell therapy (19). The bone 
marrow is an important source of hematopoietic 
stem cells, which regularly regenerate components of 
blood, and non-hematopoietic stem cells, including 
MSC which can be differentiated into several other 
cell types such as vascular endothelia, neurons, 


Table II. Data on the identification of various cell types before 
the process of BM-TNC separation and after the process of the 
final product. 


Cell type 

TNC (X10 8 ) 

MNC (X10 8 ) 

RBC (X10 9 ) 

Pre-process 

30.2 ± 6.9 

10.3 ± 3.0 

229.2 ± 62.5 

Post-process 

28.4 ± 5.9 

9.8 ± 3.6 

9.8 ± 3.5 

% yield 

94.1 ± 3.1 

95.3 ± 5.32 

95.6 ± 1.2 1 


! RBC depletion, %. Data are presented as mean ± SD. 
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Figure 1. (A) Prior to treatment and before wound debridement in patient 1. (B) Appearance immediately after debridement and prior 
to application of TNC. (C) Appearance after 2 weeks of treatment. (D) Appearance after 4 weeks of treatment. 


fibroblasts and skin keratinocytes. Considering the 
plasticity of bone marrow stem cells to produce new 
skin cells, it is conceivable that they may replen¬ 
ish lost cells during wound healing (22,23). There¬ 
fore, these cells are recognized as key players in 
tissue regeneration and, under appropriate condi¬ 
tions, it is considered that these cells can rejuve¬ 
nate or rebuild tissue compartments (24). Several 
studies suggest that bone marrow-derived stem 
cells may contribute to wound repair, either by 
self-proliferation and differentiation or by releasing 


regulatory cytokines. It has been proposed that stem/ 
progenitor cells may be mobilized to leave the bone 
marrow, home to injured tissues and participate in 
repair and regeneration (25). Direct injection of 
bone marrow-derived MSC or endothelial progeni¬ 
tor cells into injured tissues shows improved repair 
through mechanisms of differentiation and/or release 
of paracrine factors (26). 

Valbonesi et al. (27) promoted skin wound/lesion 
repair in two patients by using fibrin-platelet glue 
combined with HLA-compatible (two mismatches) 



Figure 2. (A) Prior to treatment and before wound debridement in patient 2. (B) Appearance immediately after debridement and prior 
to application of TNC. (C) Appearance after 2 weeks of treatment. (D) Appearance after 4 weeks of treatment. 
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Figure 3. (A) Prior to treatment and before wound debridement in patient 3. (B) Appearance immediately after debridement and prior 
to application ofTNC. (C) Appearance after 2 weeks of treatment. (D) Appearance after 4 weeks of treatment. 


buffy coats containing allogeneic CD34 + cord blood 
cells; no graft versus tissue reaction was seen in 
patients with a follow-up of 3-7 months. Badiavas & 
Falanga (11) and Badiavas et al. (28) treated chronic 
wounds by applying autologous bone marrow aspi¬ 
rate and cultured bone marrow stem cells directly 
(11,28). Rogers et al. (15) applied/injected bone 
marrow aspirate containing marrow-derived cells 
locally into complex lower extremity chronic wounds 
of different etiologies (three cases) and suggested 
that bone marrow aspirate, applied topically and 
injected into the wound periphery, may be a useful 
and potentially safe adjunct to wound simplification 
and ultimate closure. Other studies have also shown 
the benefit of using bone marrow cells to heal dif¬ 
ficult wounds (29,30). It should be noted that, in the 
present study, significantly higher amounts of cells 
(RBC-replenished bone marrow cell concentrate) 
were used at a single injection, as higher amounts 
of aspirated bone marrow blood were collected in 
comparison with Badiavas et al. (aspirated bone 
marrow blood 10-25 mL) (28). We were also not 
able to compare the dose-effect of injected TNC 
with other studies, which is related to the type of cells 
injected into wound. Badiavas et al. (28) injected 
fresh bone marrow blood (2-4 mL) and cultured 
bone marrow blood (MSC 4.5-5.2 X 10 6 ) and, to 
the best our knowledge, a bone marrow cell concen¬ 
trate injection for the treatment of chronic wounds 
has not hitherto been reported. 

In this study, because the patients had different 
categories of wounds [deep wounds, undermined 
wounds (three cases) and tunneling wounds (three 


cases), and superficial wounds (two cases)], the 
dose-effect ofTNC on wound size closure could 
not be calculated statistically. 

In order to increase cell concentrations, Falanga 
(24) delivered cultured autologous bone marrow- 
derived MSC in a fibrin spray into murine and human 
cutaneous wounds, and observed an accelerated 
healing. Nakagawa et al. (31) reported treatment of 
non-healing ulcers by applying MSC together with 
fibroblast growth factor (FGF) in an experimental 
animal skin defect model. It is known that cytok¬ 
ines, especially growth factors [transforming growth 
factor-[3 (TGF-p), basic fibroblast growth factor 
(bFGF), platelet-derived growth factor (PDGF) and 
epidermal growth factor (EGF)], show significantly 
reduced expression in chronic wounds compared 
with acute wounds (32). There have been extensive 
investigations into wound healing after exogenous 
application of various growth factors (33). Accord¬ 
ingly we have combined stem cell application with 
platelets. Platelets have been used as a source for 
cytokines. 

It is known that platelets can release a number of 
cytokines, such as PDGF, TGF-p, vascular endothe¬ 
lial growth factor (VEGF), EGF, insulin-like growth 
factor (IGF) and bFGF (34). There are several 
reports supporting the fact that these cytokines are 
critical to wound healing (35). Other investigators 
have used platelet growth factors to treat unhealing 
wounds (12). These cytokines play major roles in 
local inflammation, re-epithelialization, granulation 
tissue formation, neovascularization and extracellular 
matrix production (36). It should also be noted that 
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recombinant PDGF-BB isoform and human recom¬ 
binant bFGF (separately) are Federal and Drug 
Administration (FDA) approved for the treatment 
of chronic ulcers (32). 

Fibrinogen is converted to fibrin, which forms a 
cohesive network and provides an important tempo¬ 
rary extracellular matrix for wound healing. There¬ 
fore we used fibrin glue to apply an admixture of 
platelets and stem cells to the wound. The structural 
composition of fibrin and the binding of fibrin to 
cells and proteins determines the wound healing 
process. Beyond behaving as a provisional matrix, 
fibrin actively recruits cells to trigger fibrin-mediated 
responses, such as cell adhesion, migration, prolif¬ 
eration and tubule formation. Fibrinogen promotes 
cell growth and vessel formation, which are benefi¬ 
cial during wound repair. This represents an ideal 
delivery vehicle for extra cells for the treatment of 
chronic wounds (13). Collagen matrix acts as a scaf¬ 
fold for regeneration, when applied to a tissue defect, 
sprouting capillaries, and fibroblasts migrate into the 
collagen, resulting in induction of angiogenesis and 
fibroplasia. Its efficacy has been demonstrated for the 
treatment of deep sacral ulcers (37). Therefore we 
used a bone marrow stem cell-impregnated collagen 
matrix to cover the wounds. It has been reported 
that this material significantly promotes the repair 
process, especially in early stages, and is used clini¬ 
cally by plastic surgeons in Japan for the treatment 
of chronic and acute wounds as a scaffold biomate¬ 
rial (38-40). 

In the pharmaceutical market, several cell-derived 
wound-care products are available. However, these 
products significantly increase the already high cost 
of diabetic foot treatment. Examples of these prod¬ 
ucts include a bilayered living human skin equiva¬ 
lent, a human fibroblast-derived dermal substitute, 
and a human platelet-derived growth factor (41). A 
main benefit of the treatment presented here is that 
the procedure, because it is autologous, is very cost- 
effective compared with current commercial wound 
care products. One drawback of the method may be 
the need for bone marrow aspiration. However, this 
procedure, although invasive, causes only minimal 
discomfort to the patient that is outweighed by the 
beneficial effect of the therapy. 

In spite of the many developing treatments for 
non-healing wounds, some wounds remain recalci¬ 
trant. We have presented the cases of eight patients 
with non-healing diabetic ulcers that were treated 
successfully with a combination of bone marrow 
stem cells, platelets, fibrin glue and collagen matrix. 
There was no evidence of local or systemic com¬ 
plications related to the procedure. On the basis of 
these results, we are running a larger study with the 


aim of decreasing the need for amputation in chronic 
wound limbs. 

Acknowledgments 

The authors thank Biohellenika SA Biotechnology 
Company and Khorasan Razavi Blood Transfusion 
Center for providing the consumables, and Medical 
Sciences of Mashhad University for providing the 
facilities that enabled completion of this study. 

Declaration of interest: The authors report no 
conflicts of interest. The authors alone are responsible 
for the content and writing of the paper. 

References 

1. Fard AS, Esmaelzadeh M, Larijani B. Assessment and treat¬ 
ment of diabetic foot ulcer. Int J Clin Pract. 2007;61:1931-8. 

2. Brod M. Quality of life issues in patients with diabetes and 
lower extremity ulcers: patients and care givers. Qual Life Res. 
1998;7:365-72. 

3. Singh N, Armstrong DG, Lipsky BA. Preventing foot ulcers 
in patients with diabetes. JAMA. 2005;293:217-28. 

4. Center for Disease Control and Prevention. National Diabetes 
Fact Sheet. National Estimates on Diabetes, 2000-2001. 
Center for Disease Control and Prevention, Atlanta, GA. 
http://www.cdc.gov/diabetes/pubs/estimates.htm. Accessed 18 
November 2003. 

5. Mendez MV, Stanley A, Phillips T, Murphy M, Menzoian JO, 
Park HY. Fibroblasts cultured from distal lower extremities in 
patients with venous reflux display cellular characteristics of 
senescence. J Vase Surg. 1998;28:1040-50. 

6. Raffetto JD, Mendez MV, Phillips TJ, Park HY, Menzoian JO. 
The effect of passage number on fibroblast cellular senescence 
in patients with chronic venous insufficiency with and without 
ulcer. Am J Surg. 1999;178:107-12. 

7. Vande Berg JS, Rudolf R, Holland C, Haywood-Reid PL. 
Fibroblast senescence in pressure ulcers. Wound Repair 
Regen. 1998;6:38-49. 

8. Trengove NJ, Stacey MC, MacAuley S, Bennett N, Gibson J, 
Burslem F, et al. Analysis of the acute and chronic wound 
environments: the role of proteases and their inhibitors. 
Wound Repair Regen. 1999;7:442-52. 

9. Harding KG, Morris HL, Patel GK. Science, medicine and the 
future: healing chronic wounds. Br Med J. 2002;324:160-3. 

10. Falanga V, Sabolinski M. A bilayered living skin construct 
(APLIGRAF) accelerates complete closure of hard-to-heal 
venous ulcers. Wound Repair Regen. 1999;7:201-7. 

11. Badiavas EV, Falanga V. Treatment of chronic wounds with 
bone marrow-derived cells. Arch Dermatol. 2003; 139: 
510-16. 

12. Knighton DR, Ciresi KF, Fiegel VD, Austin LL, Butler EL. 
Classification and treatment of chronic nonhealing wounds. 
Successful treatment with autologous platelet-derived wound 
healing factors (PDWHF). Ann Surg. 1986;204:322-30. 

13. Laurens N, Koolwijk P, de Maat MPM. Fibrin structure and 
wound healing. JThromb Haemost. 2006;4:932-9. 

14. Ichioka S, Kouraba S, Sekiya N, Ohura N, NakatsukaT. Bone 
marrow-impregnated collagen matrix for wound healing: 
experimental evaluation in a microcirculatory model of angio¬ 
genesis, and clinical experience. Br J Plast Surg. 2005;58: 
1124-30. 


Cell therapy for chronic wounds 711 


15. Rogers LC, Bevilacqua NJ, Armstrong DG. The use of marrow- 
derived stem cells to accelerate healing in chronic wounds. 
Int Wound J. 2008;5:20-5. 

16. Humpert PM, Bartsch U, Konrade I, Hammes HP, Morcos M, 
Kasper M, et al. Locally applied mononuclear bone marrow 
cells restore angiogenesis and promote wound healing in a 
type 2 diabetic patient. Exp Clin Endocrinol Diabetes. 2005; 
113:538-40. 

17. Valbonesi M. Fibrin glues of human origin. Best Prac Res 
Clin Haematol. 2006;19:191-203. 

18. Whitman DM, Berry RL, Green DM. Platelet gel: an auto¬ 
logous alternative to fibrin glue with application in oral and 
maxillo facial surgery. J Oral Maxillo Facial Surgery. 1997; 
55:194-9. 

19. Koliakos G, Alamdari DH, Tsagias N, Kouzi-Koliakos K, 
Michaloudi E, Karagiannis V. A novel high-yield volume- 
reduction method for the cryopreservation of UC blood 
units. Cy to therapy. 2007;9:654-9. 

20. Adkins D, Johnston M, Walsh J, Spitzer G, Goodnough T. 
Hydroxyethylstarch sedimentation by gravity ex vivo for red 
cell reduction of granulocyte apheresis components. J Clin 
Apher. 1998;13:56-61. 

21. Harding KG, Morris HL, Patel GK. Science, medicine and the 
future: healing chronic wounds. Br Med J. 2002;324:160-3. 

22. Krause DS, Theise ND, Collector MI, Henegariu O, Hwang 
S, Gardner R, et al. Multi-organ, multi-lineage engraftment 
by a single bone marrow-derived stem cell. Cell. 2001; 105: 
369-77. 

23. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, 
Mosca JD, et al. Multilineage potential of adult human mes¬ 
enchymal stem cells. Science. 1999;284:143-7. 

24. Falanga V. Wound healing and its impairment in the diabetic 
foot. Lancet. 200;366:1736-43. 

25. Lorenz HP, Longaker MT. Wounds: Biology, Pathology, and 
Management. Stanford: Stanford University Medical Center; 
2003. p. 77-88. 

26. WuY, Wang J, Scott PG, Tredget EE. Bone marrow-derived 
stem cells in wound healing: a review. Wound Rep Reg. 2007; 
15 SI8-26. 

27. Valbonesi M, Giannini G, Migliori F, Dalla Costa R, Dejana 
AM. Cord blood (CB) stem cells for wound repair. 
Preliminary report of 2 cases. Transfus Apher Sci. 2004;30: 
153-6. 

28. Badiavas EV, Ford D, Liu P, Kouttab N, Morgan J, Richards 
A, Maizel A. Long-term bone marrow culture and its clinical 
potential in chronic wound healing. Wound Repair Regen. 
2007;15:856-65. 


29. Bartsch T, Brehm M, Falke T, Kogler G, Wernet P, Strauer 
BE. Rapid healing of a therapy-refractory diabetic foot after 
transplantation of autologous bone marrow stem cells. Med 
Klin (Munich). 2005;100:676-80. 

30. Yamaguchi Y, Yoshida S, SumikawaY, Kubo T, Hosokawa K, 
Ozawa K, et al. Rapid healing of intractable diabetic foot 
ulcers with exposed bones following a novel therapy of expos¬ 
ing bone marrow cells and then grafting epidermal sheets. Br 
J Dermatol. 2004;151:1019-28. 

31. Nakagawa H, Akita S, Fukui M, Fujii T, Akino K. Human 
mesenchymal stem cells successfully improve skin-substitute 
wound healing. Br J Dermatol. 2005;153:29-36. 

32. Medina A, Scott PG, Ghahary A, Tredget EE. Pathophysio¬ 
logy of chronic nonhealing wounds. J Burn Care Rehabil. 
2005;26:306-19. 

33. Steed DL. Modifying the wound healing response with exog¬ 
enous growth factors. Clin Plast Surg. 1998;25:397-405. 

34. Eppley BL, Woodell JE, Higgins J. Platelet quantification and 
growth factor analysis from platelet-rich plasma: implica¬ 
tions for wound healing. Plast Reconstr Surg. 2004; 114: 
1502-8. 

35. Gharaee-Kermani M, Phan SH. Role of cytokines and cytokine 
therapy in wound healing and fibrotic diseases. Curr Pharm 
Des. 2001;7:1083-103. 

36. Singer AJ, Clark RAF. Cutaneous wound healing. N Engl J 
Med. 1999;341:738-46. 

37. Ichioka S, Ohura N, Sekiya N, Shibata M, Nakatsuka T. 
Regenerative surgery for sacral pressure ulcers using collagen 
matrix substitute dermis (artificial dermis). Ann Plast Surg. 
2003;51:383-9. 

38. Ichioka S, Kouraba S, Sekiya N, Ohura N, NakatsukaT. Bone 
marrow-impregnated collagen matrix for wound healing: 
experimental evaluation in a microcirculatory model of ang¬ 
iogenesis, and clinical experience. Br J Plast Surg. 2005;58: 
1124-30. 

39. Kouraba S, Sakamoto T,Yasuda M, Yamamoto Y, Kumakiri M. 
Wound bed regeneration with bone marrow-impregnated col¬ 
lagen matrix for the treatment of the leg ulcer associated with 
cryoglobulinemia. J Jpn Plast Reconstr Surg. 2006;26:825-30. 

40. Mizuno H, Akaishi S, Koike S, Hyakusoku H, Miyamoto M. 
Clinical application of collagen matrix impregnated with bone 
marrow-derived mononuclear cells for ischemic refractory 
skin ulcers. J Jpn Plast Reconstr Surg. 2006;26:726-32. 

41. Langer A, Rogowski W. Systematic review of economic evalu¬ 
ations of human cell-derived wound care products for the 
treatment of venous leg and diabetic foot ulcers. BMC Health 
Serv Res. 2009;9:115. 


